ABSTRACT. New unsymmetrical tetradentate Schiff base ligand derived from 5-chloro-2-hydroxyacetophenone, 2-hydroxy-5-methyl-3-nitro acetophenone and carbohydrazide and its complexes with VO(IV), Cr(III), Mn(III), Fe(III), MoO2(VI), WO2(VI), Zr(IV) and UO2(VI) have been prepared. They were characterized by elemental analysis, IR and electronic spectra, magnetic susceptibility measurements and thermal analyses. The Schiff base ligand has also been characterised by 1 H-NMR spectroscopy. The thermal behaviour of metal complexes shows that the hydrated complexes lose water molecules of hydration in the first and then is immediately followed by decomposition of ligand molecule in the subsequent steps. The IR spectra suggest that ligand acts as dibasic tetradentate nature and coordination takes place through azomethine nitrogen and phenolate oxygen. The crystalline nature of the VO(IV) complex was conformed through the powder XRD analysis. The catalytic activity of the VO(IV) and Mn(III) complexes have been tested in the epoxidation reaction of styrene and conversion of styrene were 11.14-24.35% and 9.64-23.42%, respectively. The solid state electrical conductivity of ligand and its complexes were measured, which could obeyed the relation  =  0 exp (Ea/KT) over the temperature range 313-413 K.
INTRODUCTION
The Schiff base ligands are an important class of organic ligands in coordination chemistry, which increase the chemical and biological aspects of the compounds because they act as antibacterial, antiviral, antifungal agents, as homogeneous or hetrogeneous catalysts and display magnetic properties [1] [2] [3] [4] . Schiff bases offer a versatile and flexible series of ligands due to easily preparation, diversity of structures, and providing the effects of steric interactions on coordination geometries and many applications [5] . Multidentate Schiff bases generate stable complexes with most metallic ions and especially with transition ones and have ability to stabilize them in various oxidation states. During the past decades, considerable attention has been paid to the chemistry of the metal complexes of with symmetrical Schiff base ligands containing N and other donors atoms. However, very little information is available for metal complexes of unsymmetrical Schiff base ligands [6] [7] [8] [9] . Unsymmetrical Schiff base ligands derived from substituted carbohydrazide have played an important part in revealing the preferred coordination geometries of metal complexes and have valuable importance in the coordination chemistry due to their preparative accessibility and structural variability. The preparation of the metal complexes of unsymmetrical Schiff base of carbohydrazide and substituted hydroxyl acetophenone has come from the desire to form simple unsymmetrical complexes for their physicochemical characterization and structural elucidation. Here in we describe the synthesis and characterization of the unsymmetrical Schiff base ligand derived from 5-chloro-2-hydroxy acetophenone, 2-hydroxy-5-methyl-3-nitro acetophenone and carbohydrazide and its metal complexes involving tri-, tetra-, and hexavalent metal ions.
EXPERIMENTAL
All the chemicals and solvents were of analytical grade and used as received without further purifications. Vanadyl sulfate pentahydrate, chromium chloride hexahydrate, anhydrous ferric chloride, dioxotungsten, tetrathiocyanate, zirconium acetate, uranyl nitrate hexahydrate and carbohydrazide were obtained from Rankem and SD fine chemicals (Mumbai, India). Mn(OAc) 3 .2H 2 O was prepared by the oxidation of Mn(OAc) 2 .4H 2 O using Christensen' method [10] and bis(acetyl acetonato) dioxomolybdenum(VI) was synthesized according to literature method [11] .
Preparation of Ligand (H 2 L)
The ligand N-[1-(5-chloro-2-hydroxyphenyl)ethylidene]-N'-[1-(2-hydroxy-5-methyl-3-nitrophenyl)ethylidene] carbonohydrazide was prepared by dropwise addition of equimolar amounts of 5-chloro-2-hydroxy acetophenone (2.4 g, 0.016 mol) to 2-hydroxy-5-methyl-3-nitro acetophenone (3.12 g, 0.016 mol) with stirring at room temperature. This resulting reaction mixture was reacted with a hot ethanol-DMF solution (60:40 v/v; 25 mL) of carbohydrazide (1.44 g., 0.016 mol) and mixture was refluxed on sand bath for about 9 h at 225 o C. The solvent was then partially evaporated in air and faint yellow coloured compound obtained was filtered and washed it with ethanol, petroleum ether and dried in vacuum over anhydrous CaCl 2 Figure 1 . Scheme for the synthesis of ligand.
Synthesis of VO(IV), Cr(III), Mn(III), Fe(III), MoO 2 (VI), Zr(IV) and UO 2 (VI) complex
The complexes were prepared by refluxing equimolar solution of hot DMF (25 mL) of the organic ligand (0.016 mol) with a hot ethanol solution of the appropriate metal salt (0.016 mol) on sand bath for 6-7 h at 270-300 o C depending on the metal salt used. On cooling to room 3 and then igniting to metal oxide. The XRD measurement of the complexes was recorded on a Bruker AXS, D8-ADVANCE (Gmbh, Karlsryhe, Germany) equipped with θ/θ gonimeter and a Lynv Eye detector. Qualitative and quantities analysis of products and reactant were measured on GC (Shimandzu 14B Gas chromatography equipped with SE-30 column and FID detector.
Oxidation of styrene
The oxidation of styrene was tested with VO(IV) and Mn(III) complexes as representative cases. The catalytic reactions were carried out in 250 mL reaction flask fitted with water condenser and a similar procedure was used in both the reactions. In a typical experiment, styrene (1.04 g, 10 mmol) and aqueous 30% H 2 O 2 (2.27 g, 20 mmol) were mixed in 10 mL of MeCN and the reaction mixture was heated with continuous stirring 8 h in an oil bath at 80 o C. An appropriate amount of catalyst (0.020 g) was added to the reaction mixture and reaction was considered to begin. The reaction was monitored at various time periods and checked by the gas chromatography. The effect of catalyst concentration with styrene was also studied to obtained suitable reaction conditions for oxidation of styrene.
RESULTS AND DISCUSSION
The reaction of 5-chloro-2-hydroxyacetophenone and 2-hydroxy-5-methyl-3-nitro acetophenone with carbohydrazide in hot DMF-ethanol yields the Schiff base (H 2 L). The reaction of H 2 L in DMF and appropriate metal salts in ethanol gives the complexes. The analytical data of the ligand and its complexes are given in Table 1 . All the complexes are coloured solids, nonhygroscopic, air stable and insoluble in water and common organic solvents but sparingly soluble in DMSO. The elemental analysis shows 1:1 metal to ligand stoichiometry for all the complexes.
IR spectra
The IR spectra of the complexes are compared with those of the free ligand in order to determine the coordination sites that may be involved in chelation. The FT-IR spectrum of the free ligand shows characteristic band at 2998 cm -1 , assignable to (OH) intramolecular hydrogen bonding between phenolic hydrogen and azomethine nitrogen atoms, which disappears in the spectra of metal complexes, indicating deprotonation of the OH group upon binding with metal ions. This is further supporting by shifting of the (CO) (phenolic) band at 1263 cm -1 , to a higher frequency in complexes, suggesting the coordination of ligand through phenolic oxygen via deprotonation [12, 13] . The band at 1654 cm -1 (azomethine C=N) shifted position on complexation [14] [15] [16] . The (N-H) and (C=O) bands of the ligand at 3288 and 1717 cm -1 do not change their position after complexation, indicating that ligand exist in keto form in free state as well as in all the complexes [17] . The coordination of the acetate group is confirmed due to the difference between the two bands (> 181 cm -1 ) in Mn(III) complex, appeared at 1621 and 1440 cm -1 which are assignable to  sym (OCO) and  sym (OCO) mode [18, 19] . A broad and strong band centred in the region 3300-3500 cm -1 and another sharp shoulder in the region 1650-1500 cm -1 may be assigned to (OH) and (HOH) vibrations of water molecules, respectively [20] . The additional strong and sharp band at 870-818 cm -1 arising due to OH rocking vibrations in the spectra of complexes further confirms the presence of coordinated water molecules [20] . The coordination of water in VO(IV), Cr(III), Fe(III) and Zr(IV) complexes is indicated by the appearance of bands at 3429-3357, 1656-1581, 878-840 and 781-765 cm -1 assignable to γ(O-H),  (O-H),  r (H 2 O) and  w (H 2 O) mode, respectively [20] . The spectra of VO(IV) and Zr(IV) complexes show new bands at around 973 and 1129 cm -1 , respectively, due to (V=O) and (ZrOH) vibration. Also, the absence of a new band at 850-950 cm -1 in Zr(IV) complex due to (Zr=O) stretch. The MoO 2 (VI), UO 2 (VI), WO 2 (VI) complexes show new bands around 956, 960, 943 cm -1 due to  asym (O=Mo=O),  asym (O=U=O) and  asym (O=W=O) vibrations [21] . The WO 2 (VI) complex shows bands around 2063 (CN), 776 (CS) and 468 cm -1 (NCS) suggesting that the thiocyanate group act as ligand in which bonding through nitrogen takes place [22] . The IR spectra of complexes show new bands in the region 584-558 and 487-451 cm -1 due to (M-O) and (M-N)vibrations respectively indicating the coordination of ligand through phenolic oxygen and azomethine nitrogen atoms.
Electronic spectra
The electronic spectrum of VO(IV) complex shows three bands at 10965, 18904 and 25974 cm 
Magnetic properties
The magnetic susceptibility of the VO(IV), Cr(III), Mn(III) and Fe(III) complexes was measured at room temperature. The observed magnetic moment for VO(IV), Cr(III), Mn(III) and Fe(III) complexes at room temperature is 1.63, 3.88, 4.69 and 5.88 B.M., respectively. A magnetic moment value of complexes which is close to the spin only values suggests t h e i r high spin nature. These value supports to the literature value of these complexes. The MoO 2 (VI), WO 2 (VI), Zr(IV) and UO 2 (VI) complexes are found to be diamagnetic as expected from their electronic configurations. 
Electrical conductivity measurements
The solid state d.c. electrical conductivity was measured in a compressed pellet form over a temperature range 313-413 K and values reported in Table 1 . The electrical conductivity () varies experimentally with the absolute temperature according to the relation  =  0 exp (E a /KT) where  0 is constant, E a is the activation energy of electrical conduction, T is the absolute temperature and K is Boltzman constant. The plots of log vs. 1/T are found to be linear over studied temperature range and conductivity increases with increasing temperature. This suggests that the compounds behave as a semiconducting material [26, 27] 
Oxidation of styrene
The catalytic oxidation of styrene gives the products styrene oxide, benzaldehyde, benzoic acid, phenyl acetic acid and 1-phenyl etheane-1,2-diol and other side products [28] . In the present study oxidation of styrene catalysed by the VO(IV) and Mn(III) complexes was carried out. The catalytic activity of these complexes was checked as a function of the amount of catalyst and H 2 O 2 used as oxidant. The amount of catalyst is used like 0.020, 0.030 and 0.040 g, respectively, amount of styrene and H 2 O 2 (1:2) was fixed in presence of acetonitrile at 80 o C. The conversion of styrene in VO(IV) and Mn(III) complexes was 11.14-24.35% and 9.64-23.42%, respectively ( Table 2 , Figures 2 and 3) , which show extremely low product selectivity of styrene oxide (> 3%) in optimized condition within 8 h. But the product selectivity of benzaldehyde is greater (< 65%) this may due to the strong oxidizing nature of H 2 O 2 , the styrene oxide formed in the first step by epoxidation is mainly converted into benzaldehyde via hydroperoxistyrene as an intermediate. Further this may be by direct oxidative cleavage of the styrene side chain double bond via a radical mechanism. The conversion of styrene increases with increase in amount of catalyst in presence of fixed amount of H 2 O 2 and styrene in case of VO(IV) complex catalyst while in Mn(III) complex with increase in catalyst decrease in conversion of styrene. This may be due to the electron rich metal centre of complex and it may have access and hence the formation of metal oxo species is easy than electron deficient metal centre complex and hence conversion is vary in VO(IV) and Mn(III) complexes [29] . The percentage conversion of styrene was decreases significantly this may be due degradation of the catalyst. The proposed mechanism for oxidation of styrene by H 2 O 2 with VO(IV) complex is shown in Figure 4 . A blank experiment was performed in each case, where in the absence of catalyst no epoxide was formed under the same reaction condition. . The obtained high values of the activation energy of complexes may be due to the stability of chelation due to their coordinated bond and it suggested predicting the bond strength of ligand towards the metal ions and also revealed that the decrease in their atomic radii [30] . The positive sign of ∆G for the complexes reveals that the free energy of the final products is higher than that of the initial compound, and all the decomposition steps are non-spontaneous process. Also the values of ∆G increase significantly for subsequent decomposition steps of the complexes. This is due to the increasing the values of ∆S significantly from one step to another in the complexes. The negative values of ΔS indicate a more ordered activated state that may be possible through the chemisorptions of oxygen and other decomposition products. The more ordered nature may be due to the polarization of bonds in activated state which might happen through charge transfer of electronic transitions.
Powder XRD study 
